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Background and study aims Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors in the gastrointestinal tract. Up to the present time, complete surgical excision has been the standard treatment for primary GISTs greater than 2 cm. It is well known that tumor rupture during surgery is an independent risk factor for peritoneal metastasis; however, it is not known whether the risk of peritoneal metastasis increases in cases where the tumor is ruptured during endoscopic resection.
Patients and methods A total of 195 patients treated for
GIST between January 2014 and December 2016 in our hospital were enrolled in this study. They were divided into two groups according to whether the tumor was ruptured during endoscopic resection. The rate of peritoneal metastasis in patients in the two groups who also suffered perforation was investigated from the follow-up results.
Results Approximately 55.4 % of all patients were female and the average age of the study group was 59.0 ± 10.3 years. Of the 195 patients, the tumors in 27 were ruptured and the remaining 168 patients underwent en bloc resection. There was no statistically significant difference in gender or age between the two groups. The median tumor size (maximum diameter) in all patients was 1.5 cm (0.3 -5.0 cm): 2.5 cm (0.8 -5.0 cm) and 1.4 cm (0.3 -4.0 cm) in the tumor rupture group and en bloc resection group, respectively (P < 0.001). Most of the tumors were located in the gastric fundus. At a median follow-up of 18.7 ± 10.2 months, neither tumor recurrence (liver metastasis, peritoneal metastasis, local recurrence) nor mortality related to GISTs were detected.
Conclusions Tumor rupture during endoscopic resection of gastric GISTs may not be a risk factor for peritoneal metastasis.
sis. Therefore, we performed a single-center retrospective study to clarify the rate of peritoneal metastasis of gastric GISTs ruptured during endoscopic resection.
Materials and methods
In total, 195 consecutive patients with primary gastric stromal tumors treated with endoscopic resection in our hospital between January 2014 and December 2016 were enrolled in this study. The diagnosis of all cases was confirmed by immunohistochemical staining. According to the integrity of the tumors, the patients were divided into two groups. Patients with perforations in the tumor rupture group were included in group A, whereas patients with perforations in the en bloc resection group formed group B (▶ Fig. 1 ). The rate of peritoneal metastasis in groups A and B was compared from the follow-up results.
Tumor size was recorded as the maximum diameter. For the en bloc resection group, the maximum diameter was determined based on the macropathology. For the tumor rupture group, the maximum diameter was confirmed according to the preoperative abdominal computed tomography (CT) or endoscopic ultrasound (EUS). Three patients receiving en bloc resection had double lesions, and the tumor diameter data was determined for the larger lesion. Informed consent was obtained from all patients included in this study. The study was approved by the Ethics Committee of Nanjing Drum Tower Hospital.
Follow-up
This was performed through either chart review or telephone interview on 1 March 2017. All patients received an abdominal CT scan and/or endoscopy every 3 months in the first year, then every 6 months for the tumor rupture group and every 12 months for the en bloc resection group. The end points of this study were patient death and occurrence of peritoneal metastasis. Only deaths related to GISTs were counted as events.
Statistical analyses
For continuous variables, if the variables followed a Gaussian distribution, the two-sample t test was selected; otherwise, the nonparametric test was chosen. For categorical variables, the Chi-squared test or Fisher's exact test was applied to identify the different characteristics between the groups. P < 0.05 was considered to represent a statistically significant difference between groups. All statistical analyses were completed using SPSS version 22.0 software (IBM Corp, Armonk, NY, United States).
Management of endoscopic resection
Preoperative: Preoperative EUS was absolutely necessary. If the tumor was strongly indicative of GIST and was considered to be resectable, the preoperative biopsy could be omitted according to the European Society of Gastrointestinal Endoscopy (ESGE) guidelines [13] . The GISTs of almost all patients originates from the muscularis propria layer (MP). According to the relationship between tumor location and MP, the tumor can be classified into four types. Type A is a tumor with a very narrow connection with the MP layer and which protrudes into the luminal side. Type B has a wider connection with the MP and protrudes into the luminal side at an obtuse angle. Type C is located in the middle of the wall of the gastrointestinal tract. Type D protrudes mainly into the serosal side of the gastrointestinal wall [14] . In our center, endoscopic resection was mainly chosen for patients with tumors of type A (25.2 %), B (48.3 %), and C (24.4 %), and no more than 4 cm in diameter, having clear boundaries with adjacent tissues and organs.
Intraoperative: Currently, the typical methods for subepithelial tumors (SETs) include endoscopic submucosal dissection (ESD), endoscopic submucosal excavation (ESE), endoscopic full thickness resection (EFR), and endoscopic submucosal tunneling dissection (ESTD) [15 -17] . The operations were performed by our experienced endoscopic specialists. The technique most applied in our center was ESD (122, 20/102 in the rupture group/en bloc resection group), followed by EFR (63, 7/56 in the rupture group/en bloc resection group), and the least used was ESE (4 in the en bloc resection group). ESTD was performed on the remaining six patients.
During the operation, if a pneumoperitoneum developed, a 20-gauge needle was inserted into the right lower quadrant to release gas.
Usually, the retrieval of tumors larger than 2 cm has a high risk of inducing severe damage to the cardia or the upper esophageal sphincter. In clinical practice, if broken tumors were difficult to extract, the tumors would be cut further in the stomach cavity before being removed. We tried to retain the integrity of the en bloc samples for more accurate pathological evaluation; however, four tumors (2.5/2.6/2.8/3.0 cm in transverse diameter) in the en bloc resection group were cut in half in the stomach cavity because they were difficult to remove directly. Postoperative: Patients were asked to fast for 24 hours. Antibiotics and proton pump inhibitors were used routinely in patients with perforation/GWD (gastric wall defect) to prevent infection and hemorrhage. For patients who had a GWD, a gastrointestinal decompression drainage tube was placed followed by fasting for several days.
Careful preoperative, intraoperative, and postoperative management can significantly reduce the complications of abdominal pain, bleeding, and infection. So, only a few patients showed signs of abdominal complications (abdominal pain, abdominal distension) and few suffered sepsis.
Results

Patients
In this study, 197 patients were screened, and two of them were excluded because of early gastric cancer and residual stomach (1.2 cm, 0.8 cm in diameter at the gastric fundus and gastric body, respectively). So, 195 patients were enrolled and their data analyzed. In total, 27 patients were placed in the tumor rupture group, among whom 14 had perforations (group A, N A = 14). The remaining 168 patients were placed in the en bloc resection group, of whom 61 had perforations (group B, N B = 61). The percentage of male patients in the tumor rupture group (55.6 %) was higher than in the en bloc resection group (42.9 %), however, there was no statistically significant difference between the two groups (P = 0.218). The mean ages of the tumor rupture group and the en bloc resection group were 59.1 ± 12.6 years and 58.9 ± 9.9 years, respectively, and no statistically significant difference was present (P = 0.918). The clinical and pathological features of all cases are shown in ▶ Table 1 , and the age and gender distributions are shown in ▶ Fig. 2 .
Tumors
The median tumor size (maximum diameter) for all patients was 1.5 cm (0.3 -5.0 cm): 2.5 cm (0.8 -5.0 cm) and 1.4 cm (0.3 -4.0 cm) for the tumor rupture group and en bloc resection group, respectively. The tumor size in the tumor rupture group was significantly larger than that in the en bloc resection group (P < 0.001). All patients had a tumor diameter no more than 4 cm apart from one patient in the tumor rupture group with a 5 cm tumor. The scatterplot of maximum tumor diameter is shown in ▶ Fig. 3 .
Tumors were predominantly located at the gastric fundus (116 cases, 59.5 % of all cases), followed by the gastric body (42 cases, 21.5 % of all cases), the gastric antrum (14 cases, 7.2 % of all cases), the gastric cardia (21 cases, 10.8 % of all cases), and rarely in the gastric angle (2 cases, 1.0 % of all cases). There was no statistically significant difference between the two groups related to distribution of tumor location (▶ Table 1, P = 0.827).
Immunohistochemical staining is essential for diagnosis of GISTs [18] . The researchers reviewed the pathology reports and the data are summarized as follows. First, six patients, accounting for 3.1 % (6 /195) of all cases, were CD117 negative ▶ Original article
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which was similar to previous research [19] . Second, only two patients had negative DOG1 (Discovered On GIST) accounting for 1.0 % (2/195) of all cases. Third, there was only one patient having a CD34 negative tumor. More details are shown in ▶ Table 2. Only 4 (2.1 %, 4 /195) of the patients had a high mitotic index (> 10/50 high power fields (HPF)), and 92.8 % (181/195) of all patients had a mitotic index no more than 5.
There were only two positive margins in the en bloc resection group. The ruptured tumors including four tumors in the en bloc resection group, which were cut in half in the stomach cavity because they were difficult to remove directly, and tumors in the tumor rupture group were not evaluated by the cutting edge.
Follow-up and recurrence
The follow-up and recurrence outcomes are summarized in ▶ Table 1 . All 195 patients had follow-up data. The mean follow-up time for the tumor rupture group was 19.7 ± 10.2 months, and 18.6 ± 10.1 months for the en bloc resection group. During the follow-up interval, no tumor recurrence (liver metastasis, peritoneal metastasis, local recurrence) and no mortality related to GISTs were reported in the two groups. For all patients in groups A and B, the mean follow-up time was 17.9 ± 10.3. There was no statistically significant difference concerning peritoneal metastasis rate between group A and B (▶ Table 3 ).
Discussion
Based on epidemiological studies, the incidence of GISTs is estimated to be approximately 20 cases/1 000 000 inhabitants/ year, with no obvious gender differences [5, 20] . However, our data showed a female predilection, which is consistent with the findings from studies in other Asian countries [21, 22] , possibly due to race and geography.
In this study, the fundus of stomach is the most common location of GISTs. In total, 96.9 % (189/195) and 99. 5 % (194/195) of the included population were positive for CD117 and CD34, respectively, consistent with a previous report of a multicenter study performed in China [23] .
In our center, endoscopic resection was mainly chosen for patients with tumors no more than 4 cm in diameter, apart from one patient with a lesion of 5 cm (originating from the MP, type A). This was a 91-year-old man who would not tolerate surgical resection. Eventually, the patient underwent endoscopic resection in September 2016. The tumor was broken during resection and had no perforations; the postoperative pathology report showed that the mitotic count was about 1/50 HPF indicating a low metastatic rate according to Mietinnen and Lasota [1] . Until the last follow-up, no evidence of recurrence was found with abdominal CT, and we shall continue to monitor this patient carefully.
Tumor rupture has been considered to be an independent risk factor predicting a high risk of peritoneal metastasis after ▶ Table 2 Immunohistochemistry of the tumors. 
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surgical resection [11, 24] . Hohenberger et al. [25] showed that patients with a GIST which had ruptured into the abdominal cavity had a risk of recurrence of nearly 94 % (15/16, 93.7 %) without adjuvant treatment, and the overall risk of peritoneal metastasis was 65.2 % (15/23; peritoneum, 9; peritoneum and liver, 6). However, to our knowledge, there is no published study discussing the metastasis and recurrence rate of ruptured GISTs resected by endoscopic resection. As shown by several studies, the median time to recurrence is approximately 2 years and recurrence usually occurs in either the peritoneal surface or/and the liver [26, 27] . In our study, with a mean follow-up of 17.9 ± 10.3 months, no statistically significant difference in the rate of peritoneal metastasis was found between groups A and B, which is at odds with observations in surgical resection. One possible reason might be the tumor size. The tumors in open resections are obviously larger than those in endoscopic resections. The other possibility could be that the tumor was broken or ruptured inside the stomach wall during the endoscopic resection before the perforation occurred.
All GISTs are thought to be potential malignant lesions, and the modified NIH risk stratification system has been widely used to assess the risk associated with GISTs. Studies have identified that patients with high risks (including ruptured tumors) of metastasis or recurrence had substantially poorer outcome after surgery than those with intermediate risk or low/very low risk [28 -30] . According to the modified NIH Risk Classification system, we found that there was no difference concerning the peritoneal metastasis rate and overall survival rate between patients with ruptured tumors (high risk) and those with en bloc resection tumors (very low risk or low risk) in our study (▶ Table 3 ). Our data also demonstrated a favorable outcome for the four patients with a high mitotic index (high risk). Thus, we hypothesize that, for gastric GISTs receiving endoscopic treatment (always having a relatively smaller tumor diameter), the modified NIH Risk Classification system may not be suitable for ▶ Tumor size, median (range), cm ▶ Table 4 Prognostication of gastric GISTs by tumor size and mitotic rate prior to imatinib treatment [1] Tumor 3 Tumor size of 1.5 cm, mitotic rate of 10/50 HPF. 4 Tumor size of 3.5 cm, mitotic rate of 10/50 HPF. 5 Tumor size of 2.2 cm, mitotic rate of 14/50 HPF.
assessing the prognosis. Perhaps the estimation of tumor size to some degree leads to the optimal prognostic prediction of gastric GISTs, independently of tumor rupture and mitotic index. Namely, in the cases of smaller tumors, the prediction value of tumor rupture and mitotic index diminishes. Nevertheless, due to the limited sample size, we could not draw a definite conclusion, and further efforts are needed to clarify this issue. When the risk of gastric GIST is assessed, we recommend that tumors should be classified firstly according to the WHO classification of tumors of the digestive system and then individualized treatment should be based on whether the tumor is broken or not. In our data ( ▶ Table 4 [1]), 96.4 % (188/195) of patients had less than 1.9 % of patients with progressive disease, so postoperative follow-up was safe. There were four patients (A, B, C, and D) with a high mitotic index (> 10/50 HPF). We recommended patients A, B, and D take imatinib after the gene test. Patient A refused due to its high cost. Patients B and D accepted imatinib at an initial dose of 400 mg/day but they both stopped taking the drug due to financial considerations after 6 and 3 months, respectively. During the follow-up, we paid close attention to the changes in their condition and fortunately found no signs of recurrence up to the present time.
Although our study showed favorable outcomes, it still has some limitations such as small sample size and relatively short follow-up time. Although the longest follow-up time was 38.6 months, the shortest was only 2.3 months. Comparison of the two metastasis rates should best be performed using a statistical model. The effort of the two-logistic regression method came to nothing because the outcome variable was only one. This situation may be attributed to the limited sample size or insufficient follow-up time, causing the conclusion to be not very stable. Combining the existing research results, the relatively low degree of malignancy, and the small diameter of gastric stromal tumors in endoscopic resection, we considered that the risk of peritoneal metastasis may not be increased even though the tumors ruptured with perforation. In a future study, we will further expand the sample size and increase the follow-up time to identify the relationship between perforation with rupture and the risk of peritoneal metastasis.
In conclusion, tumor rupture of gastric GISTs during endoscopic resection may not be a risk factor for peritoneal metastasis. The modified NIH risk classification system might not be suitable for assessing the risk of tumors resected by endoscopy (usually with a small diameter). Further efforts are necessary to assess the safety of endoscopic resection.
